Playback of bird songs is a useful technique for species detection; however, this method is usually not standardized. We tested playback effi ciency for fi ve Atlantic Forest birds (White-browed Warbler Basileuterus leucoblepharus, Giant Antshrike Batara cinerea, Swallow-tailed Manakin Chiroxiphia caudata, Whiteshouldered Fire-eye Pyriglena leucoptera and Surucua Trogon Trogon surrucura) for different time of the day, season of the year and species abundance at the Morro Grande Forest Reserve (South-eastern Brazil) and at thirteen forest fragments in a nearby landscape. Vocalizations were broadcasted monthly at sunrise, noon and sunset, during one year. For B. leucoblepharus, C. caudata and T. surrucura, sunrise and noon were more effi cient than sunset. Batara cinerea presented higher effi ciency from July to October. Playback expanded the favourable period for avifaunal surveys in tropical forest, usually restricted to early morning in the breeding season. The playback was effi cient in detecting the presence of all species when the abundance was not too low. But only B. leucoblepharus and T. surrucura showed abundance values signifi cantly related to this effi ciency. The present study provided a precise indication of the best daily and seasonal periods and a confi dence interval to maximize the effi ciency of playback to detect the occurrence of these forest species.
INTRODUCTION
Species occurrence data have often been used to monitor populations in fragmented habitats and to understand the effects of fragmentation on population survival (Hanski 1994 , Clergeau and Burel 1997 , Lindenmayer et al. 1999 . This kind of data should be easy to collect, enabling surveys of a large number of habitat fragments in a short period of time. To be effi cient, these methods must be fast in 630 DANILO BOSCOLO, JEAN PAUL METZGER and JACQUES M.E. VIELLIARD back increases the number of contacts during bird surveys (Johnson et al. 1981 , Rosenfi eld et al. 1985 , Johnson and Dinsmore 1986 , Kaufmann 1988 , Swift et al. 1988 , Sliwa and Sherry 1992 . Some experiments indicated that the playback of conspecifi c songs is effi cient in inducing aggressive responses from various bird species, allowing their detection (Milligan 1966 , Møller 1992 , Catchpole and Slater 1995 . Mosher et al. (1990) pointed out that the use of playback during bird surveys might not only increase the contact rate but also reduce the interval needed for the fi rst contact. Other studies, however, pointed out that variations in the abundance of birds in the forest might have an effect on the results obtained by playback experiments (Glahn 1974 , Mosher and Fuller 1996 , Schieck 1997 . Although playback techniques are widely used to survey birds, few studies have been conducted with the aim of standardizing it. According to Morrell et al. (1991) and Ratcliffe et al. (1998) , the standardization of the technique can reduce the operation cost and increase the possibility of collecting a large data set in a short time. These factors become even more important when the objective is to sample a large number of fragments.
The current study was designed to develop an accurate and simple tool to detect the presence and absence (occurrence pattern) of strictly forest bird species inside a tropical fragmented landscape. Our specifi c objectives were: i) to verify the time of the day and season of the year when some Atlantic Forest bird species are more effi ciently detected by playback; ii) to test if the effi ciency of the technique is affected by the abundance of the birds.
MATERIALS AND METHODS

STUDY REGION
The study region was located on the Atlantic Plateau of São Paulo (Brazil), between the municipal districts of • 50'S and 46 • 45'-47 • 15'W). Local relief is characterized by hills with more than 15% of inclination and elevations between 850 and 1100 m (Ross and Moroz 1997) . The climate type is temperate and rainy, as Köppen's (1948) Cfa. Mean monthly temperature ranges from 11 • C to 27 • C and mean annual precipitation is about 1400 mm, with the coldest and driest months between April and August. The original vegetation cover was classifi ed as " dense montane ombrophilous Atlantic Forest" (Veloso et al. 1991) . Nowadays, the region is composed of nearly 360 fragments of second growth forest that ranges from 1 to 300 ha. The landscape presents 31% of forest fragments in medium to late successional stages and 6% of early successional forests, totalling 37% natural vegetation. The remaining area is composed of agricultural fi elds, pastures, exotic forest plantation and human infrastructure (Metzger 2003 Five bird species were chosen considering three main criteria. Firstly, they were strictly forest species that exhibit territorial behaviour, thus being likely to respond to playback (J.M. Goerck, unpublished data, Stotz et al. 1996) . Secondly, in order to consider species that perceive the landscape in different ways and present distinct sensitivity to the fragmentation of their habitat, the chosen species presented also diverse biological characteristics. Finally, all species were also non-migratory and can be found all year long at the study sites.
These species are (Table I) : 1 -White-browed Warbler Basileuterus leucoblepharus, a small Parulidae weighing only 20 g, found in montane forests. It feeds on insects, lives in the understory and is weakly affected by habitat fragmentation (Uezu et al. 2005) . 2 -Giant Antshrike Batara cinerea, the biggest of the fi ve species, weighing approximately 140 g. It is an insectivorous Formicariidae that lives below the canopy and benefi ts from fragmentation in the Cotia region (Uezu et al. 2005) . environmental conditions between sites, their selection was guided according to the forest type and structure. Playback sessions were conducted every separate month and for different times of the day. The sum of detected bird responses to the playback within each tested month or period of the day was termed detection effi ciency. Therefore, effi ciency values for a single species may vary from zero to the total number of playback sessions conducted at a given month or day period. In order to allow easier comparisons, these values were also standardised as percentages of positive response.
EFFICIENCY OF PLAYBACK FOR ASSESSING BIRD OCCURRENCE
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To assess detection effi ciency in relation to time of the day, three different test periods were set: 1) during the two hours after sunrise; 2) at about two hours around noon and 3) during the two hours before sunset. At each period, three playback sessions were broadcasted for each one of the species at three different sampling points (nine playback sessions at nine different points per day). Each playback session was composed by one minute of playback, intercalated by thirty seconds of silence, to account for responsive birds (Johnson et al. 1981) , until fi ve minutes were completed (Morrell et al. 1991, Sliwa and Sherry 1992) . To avoid the stimulation of the same bird more than once during the same period, sampling points were set at least 200 m away from each other (Sliwa and Sherry 1992) . The sequence of species broadcasted was set randomly at each point. To prevent habituation of the birds to the recorded songs no sampling point was tested more than once a month (W.R. Silva, unpublished data).
At each session, the response by the birds was recorded as negative (no response) or positive. A response was considered positive when changes in the behaviour of the birds were detected after the playback begun. These changes were usually recognized as increased rate of vocalization and/or alterations in the movement of the birds towards the sound source. If an individual was detected closing in and/or circling around the sound source in silence during or after the playback, it was also documented as a responsive bird. Birds detected before the beginning of the playback but that did not show any changes in their behaviour demonstrating specifi c interest for the played song during or after the broadcast were noted as negative responders (no response). To identify how long it takes for each species to respond to the playback, the time elapsed between the beginning of the playback and the detection of positive response, termed as the latency time, was also noted. This was made in order to identify which is the minimum time that someone should wait for a response to take place before stating that the species is absent during that session. A short waiting time may lead to a decrease in the quantity of contacts by impeding the detection of late responsive birds. On the other hand, it would not be convenient to wait for periods longer than the mean latency time of the species added to its standard deviation, as it is unlikely that a bird responds after this and the species could then be documented as absent for the tested point without further loss of time. After the end of the last species broadcast, the observer (DB) waited for fi ve additional minutes to account for birds with long latency of response. Playback was not carried out during rainy days due to noise interference (Johnson et al. 1981) .
These procedures were repeated three days a month for twelve consecutive months. For each species, 27 playback sessions were conducted monthly, totalling 324 tests apiece, 108 at each period of the day. Differences in birds detection efficiency along the day were verifi ed through G-tests in contingency tables, and when signifi cant differences were detected (P< 0.05) an a posteriori χ 2 c test (Zar 1999) was used. Detection effi ciency throughout the year was tested with circular statistics, comparing the twelve months through the Rayleigh's test (Zar 1999) , with a signifi cance of P< 0.05.
PLAYBACK DETECTION EFFICIENCY IN RELATION TO BIRD ABUNDANCE
The outcomes of the experiment described above were used to determine the best period of the day and season of the year when the relationship between playback effi ciency and bird abundance should be tested. To conduct that test, thirteen forest fragments ranging from 13 to 275 ha were studied. Fragment selection was conducted in order to reproduce Reserve sites environmental conditions. Inside each fragment, a grid of fi ve to nine sampling points (depending on fragments area) located at least 200 m apart was set. The sites used before in the Morro Grande Forest Reserve were divided into three different sets of nine points and sampled again. The Reserve sets of nine points were originally placed at least 2 km apart of each other in order to simulate the spatial confi guration of the fragments. Because the latency time of each species was already known, the species broadcasting sequence was set by this parameter, in order to increase bird detection probabilities. Consequently, the fi rst broadcasted species was the one with highest latency time and the last with the shortest. Each study site (fragments or Reserve sites) was sampled for four different non-consecutive days at the best season of the year and time of the day. In each one of the four days, three sampling points were randomly selected for the playback trials, totalising twelve playback sessions per site and species for each one of the sixteen sites. Each site was surveyed with playback twice at sunrise and twice at noon, between 1 August and 29 September 2001.
The abundance information was estimated between May 2000 and April 2001 through passive point counts (Blondel et al. 1970, Vielliard and Silva 1990) , at the same points used for the playback (Uezu et al. 2005) . This was the best available abundance estimate for all studied species and could be used as a precise occurrence data at these sites. All fragments were sampled during early morning for one day every two months. At each day, one fragment was selected and fi ve sample points were randomly chosen in it. Each point was observed for 20 minutes to account for present birds. By dividing the number of contacts, visual and/or auditory, by the number of sampled points an Index of Point Abundance (IPA) was then calculated for each species in each fragment.
To test if detection effi ciency was related to bird abundance in the forest, three different methods were used. The playback-determined occurrence of the birds (dependent variable) was related with their abundance (IPA, independent variable) in a logistic regression (Ratcliffe et al. 1998) . A Pearson correlation analysis (Zar 1999) was done between the response rates to the playback in each fragment and the IPA. The response rate was defi ned for each species as the quantity of positive responses in each site divided by twelve, the total number of playback sessions conducted after four survey days. Finally, the percentage of sites where the playback correctly attested the presence of the birds (defi ned by point counts results) was calculated. To verify how many visits to the fragments were needed for the playback to acquire a similar occurrence pattern as obtained by point counts, the three above explained methods were conducted for all possible combinations of one, two, three and four survey days.
RESULTS
DETECTION EFFICIENCY IN RELATION TO THE TIME OF DAY AND SEASON OF THE YEAR
The species with the highest percentages of positive responses inside the Reserve was B. leucoblepharus (Table II) . Mean latency time varied between species from 2 to 8.3 minutes (Table III) . The analysis of variance showed that latency times were signifi cantly different among species (F 4 = 41.16; P< 0.01). The a posteriori test indicated that the latency time of B. cinerea was signifi cantly longer than any other tested species (P< 0.01). The latency presented by C. caudata was different from that of T. surrucura (P< 0.01) but not of B. leucoblepharus (P = 0.80). No signifi cant differences were found between P. leucoptera and T. surrucura (P = 0.58) or between P. leucoptera and C. caudata (P = 0.27).
Three species, B. leucoblepharus, C. caudata and T. surrucura showed signifi cant differences in detection effi ciency according to the period of the day (Table III) . The a posteriori χ 2 c test indicated that the effi ciency at sunrise and noon was significantly higher in comparison with the period just before sunset (Table III) .
According to the Rayleigh's test, the only species to present a mean season of higher effi ciency was B. cinerea (z 0.05,88 = 6.041; P< 0.01, Fig. 2 ). All other species had uniform distributions of efficiency throughout the twelve tested months (Fig. 2) . The mean period of higher effi ciency for B. cinerea was July and August, but considering the low concentration of responses (r = 0.262), one can perceive that this is only the central tendency of a larger period of fi ve consecutive months ranging from June to October. Those fi ve months presented no significant difference between each other along the given period (G 4 = 3.807; P> 0.25). Responses from June to October were also compared to responses from the rest of the year, confi rming that this was the period of highest playback effi ciency to detect B. cinerea in the forest (McNemar's test, χ 2 c1 = 5.1127; P< 0.025).
DETECTION EFFICIENCY ACCORDING TO THE ABUNDANCE OF THE BIRDS INSIDE FOREST FRAGMENTS
Three species were detected in all sampled sites by both the playback and the point counts (Table  IV) . The two methods presented similar species occurrence results, except for two fragments where T. surrucura and P. leucoptera were detected only by point counts but not by playback (Table IV) . In both cases, species abundance (IPA) was low, indicating that the playback was defi cient in detecting occurrence only when IPA was less than 0.05.
Logistic regression was calculated only for T. surrucura since it was the only species not present at all sampled sites. One single survey day was enough to incur into a signifi cant regression, indicating a strong relation between the two tested variables (Table V) .
The correlation analyses showed contrasting results. For three species, B. cinerea, C. caudata and P. leucoptera, almost no correlation between playback response rate and IPA were observed for any of the 16 possible combinations (Table VI) . For B. leucoblepharus and T. surrucura, nearly all possible combinations had signifi cant positive correlations, showing a strong influence of the abundance on the detection by playback.
For all species, the percentage of sites where the playback correctly attested the bird presence increased with the sampling effort (Fig. 3) . For two species, B. leucoblepharus and B. cinerea, maximum success (100% of correct presence detection) was obtained with three survey days. Two days were enough to obtain maximum success for C. caudata. The remaining two species did not reach 100% of accuracy: the highest success for P. leucoptera was around 95% and for T. surrucura around 90%.
DISCUSSION
PLAYBACK DETECTION EFFICIENCY: TIME OF THE DAY AND SEASON INFLUENCES
For three species the best periods of the day to conduct playback census were just after sunrise and at noon. This is in compliance with the daily peak of spontaneous activity of some species, such as C. caudata. This species presents a period of higher spontaneous activity between sunrise and 15:00, the main period of sexual activity (Foster 1981) . Because of the strong vocal interaction of the males, derived from their complex courting behaviour, individuals shall be more prone to react to intruders (in this case the broadcasted song) during this period, leading to higher method effi ciency. On the other hand, some passive point counts studies tend to disagree with this result, considering sunrise as the best period for bird surveys, followed by sunset and at last noon (Järvinen et al. 1977 , Robbins 1978 , Bibby et al. 1993 . G.S. Betini (unpublished data) detected that T. surrucura, P. leucoptera and Basileuterus culicivorus, a species closely related to B. leucoblepharus, were spontaneously more active during early morning in contrast to the rest of the day, when their vocal activity was lower.
These results suggested that for these species the playback increased the time period when bird census should be conducted to acquire the highest effi ciency from sunrise to the entire morning, up to noon. Otherwise, the playback may induce birds to become detectable at any time, maintaining the quantity of contacted individuals equal along the day, in contrast to the census without playback. This was observed for P. leucoptera at the present study and for Dendroica caerulescens in Jamaica (Sliwa and Sherry 1992) , which leads to the pattern of no daily variation in bird detection presented by these species. Of course, in this case the playback had also increased the survey period to further than merely sunrise.
The only species with signifi cant seasonal variation in playback response was B. cinerea, which should be surveyed between June and October to acquire maximum census effi ciency. This is in accordance with the pattern found by A. Uezu (unpublished data), who recorded a more intense peak of spontaneous vocal activity of this species between July and September. The annual period of greater playback effi ciency may be linked to the reproductive biology of the species. Many authors use the reproductive season to proceed with avifaunal surveys (Dawson 1981 , Mayfi eld 1981 , Greenwood et al. 1995 , Clergeau and Burel 1997 , Ratcliffe et al. 1998 , Drapeau et al. 2000 , when individuals are reinforcing their dominance or establishing new territories and consequently are more active. For this reason, they may be more prone to confront intruders, increasing the chances of response to playback.
However, contrary to the expected, for four of our species there was no seasonal variation in playback effi ciency. Even in non-reproductive months, the birds kept responding with the same intensity to the playback, producing no signifi cant variation in the quantity of contacts along the tested year. This suggests that playback may be used as a survey method for these bird species all year long and not only during the reproductive season. This might be related to the active stimulation of the birds or may come from a strong bond of the individuals to their territories.
PLAYBACK DETECTION EFFICIENCY ACCORDING TO BIRD ABUNDANCE
Playback was a very effi cient technique to detect the presence of these species in all sampled sites where the point counts detected the occurrence of the birds. It incurred in correct presence/absence detection in at least 98% of the studied cases. However, there was not always a direct relationship between the abundance of the birds and the detection effi ciency.
For B. leucoblepharus and T. surrucura there was a signifi cant positive relationship between the response rate and IPA, indicating that playback capacity to identify sites where the species is present increased with the abundance. According to Schieck (1997) vocalizations with frequencies higher than 2 kHz may suffer strong attenuation in the forest. Aubin et al. (2002 Aubin et al. ( , 2004 stated that the song of B. leucoblepharus is particularly high-pitched and susceptible to a strong attenuation when propagating through dense vegetation. In those cases, playback will be effi cient to identify only close birds, since the playback can only reach nearby individuals. But, even if the song functional structure is preserved (Aubin et al. 2002) , allowing birds farther away to recognize their specifi c vocalization, the observer may not have the same ability, decreasing the quantity of contacts proportionally to the abundance.
The signifi cant relationship found for Trogon surrucura is probably an effect of the rarity of the species. According to several researchers (Willis 1979 , Christiansen and Pitter 1997 , Marini 2001 , Marsden et al. 2001 , trogons are highly affected by patch size, being present only in large fragments or reserves and in low abundance, as detected in the current study (Uezu et al. 2005) . Usually, big canopy frugivorous birds are rare and need large areas to search for food (Goerck 1997 , Price et. al. 1999 . The size of each individual territory was thus presumably large in relation to the distance between sample points. As the abundance increases, territories might overlap or decrease in size (Sherman and Eason 1998) and contact with the birds may become more frequent, increasing detection rates along with the number of present birds in the forest.
On the other hand, there was a lack of correlation between the response rate and IPA for three species. In the case of C. caudata, the lack of correlation may be an effect of the sexual behaviour of the species. Male manakins are constantly engaged in vocal duels for dominance in the hierarchy of the group (Foster 1981) and present a natural aggressive behaviour that makes the individuals extremely responsive, increasing the detection rate after playback. So, even in low abundance sites, the quantity of contacts shall be high.
For B. cinerea, the lack of correlation was not due to the behaviour of the individuals but to the properties of its vocalization. This species song is very loud and the responsive individual was frequently far away from the playback source, indicating that the song could travel long distances in the forest and still be recognizable for the receiver. As a result, individuals might still be able to identify and respond to the broadcasted song even if they are further than 100 m from the sound source. Because of that, even in places with low abundance, it is possible to locate distant individuals, creating the non-correlation pattern.
In the case of P. leucoptera no results pointed out to any clear cause to the lack of correlation between detection effi ciency and abundance. The detected pattern of response may be related not only to bird abundance. For instance, if for any reason the access to food resources decline at a certain site, individual birds may tend to become more aggressive in order to defend their territories (Armstrong 1991 , Carrascal et al. 1998 ) and therefore more responsive to playback. In places of higher resource availability, even if the species is more abundant, there is no need to defend each territory so strongly and the response rate may then decrease. Therefore, the abundance of a species did not appear to be the sole or main factor to influence the occurrence detection effi ciency of these birds. According to each species, other factors may modify this relationship.
EFFECTS OF SAMPLING EFFORT
According to Bibby et al. (2000) the chances of detecting new individuals should increase along with the sample effort, independently of the sampling method. That was the case for all species, since the proportion of correct presence detection through playback increased continuously with the number of survey days. The main question here is how large should the sampling effort be to obtain an accurate incidence data set, without wasting more time than necessary at a single site, in order to be able to quickly sample a large number of sites? Considering a confi dence threshold of 90%, one visit was enough to accurately detect C. caudata, while two visits were necessary for B. leucoblepharus and B. cinerea, and three for P. leucoptera. For T. surrucura, four visits were necessary to obtain a confi dence value close to 90%. For a confi dence of 100%, two visits were necessary for C. caudata and three for B. leucoblepharus and B. cinerea. In the case of P. leucoptera and T. surrucura, the proportion of correct detection did not reach 100% after four visits due to fragments with very low abundance. There was a threshold of approximately 0.05 of IPA, below which the bird detection through playback is improbable for a sampling effort of four days. An increase of the sampling effort could solve this problem.
CONCLUSION
The results of the present study pointed out to a large variation in Atlantic Forest bird species response to playback and to the importance of methodological studies in order to standardize census methods. Future researchers should try to understand each species behaviour before applying the method. If known, the latency time and the variation of playback responses according to the time of the day, season of the year, abundance and sampling effort could help to reduce the problem of " false absence" detections and maximize the effi ciency of the playback to collect occurrence data, assuring good results for quick access surveys.
When compared to passive methods, the playback expanded the favourable time to conduct avifaunal surveys for these Atlantic Forest birds from the fi rst hours of the day to the entire morning, up to noon. Also the season of the year is not an impediment to census these birds with playback. Four of the fi ve studied species might be surveyed with the same effi ciency of detection all year long. Barring when the abundance is too low, the playback technique can detect with only three survey days per site the occurrence pattern of these birds as accurately as the passive point counts. These patterns may also be applied to other bird species not studied in the present work. 
